Introduction
The textile processing industry is well-known for being one of the biggest polluters in the world [5] , mainly because it uses large amounts of processed water, chemicals and dyeing products that are harming the environment. Therefore, in order to suppress the negative impact of this particular industrial sector, there are two essential ways of protecting nature: building facilities that are efficient and big enough so as to treat the eliminated water and using eco-friendly dyeing products and chemical substances. [3] Ecological considerations became a crucial factor in industry as early as the 1980s, when people grew more and more interested in using natural dyes when manufacturing textile products [30] . Even though everyone agrees that the use of artificial dyes harms the workers by facilitating the occurrence of allergies that are visible on the skin and the surrounding environment, as well by damaging the natural balance through contamination, not much has been done so far because such dyes are easily available, cheap and can produce a wide spectrum of colours. [26] As the world becomes more and more aware that nature must be protected, the research community is putting a lot of work into identifying various ecological solutions for treating and finishing fabrics, as well as into developing technologies that would assure the creation of eco-friendly textile products, including the use of natural fabrics and dyes.
For this purpose, all natural fabrics such as hemp, one of the highest quality fibres with exceptional physical properties, high comfort, excellent durability and ecological manufacturing processes and, at the same time, one of the most environmentally friendly and versatile natural textile plants on Earth, has a promising potential. Also, fabrics made of hemp can be produced in a variety of weights and textures. Hemp not only possesses several excellent properties such as strength, warmth, comfort and durability, it is also considered to be an environmentally friendly plant because it does not require as many pesticides and herbicides to be successfully grown [15] .
Dyeing is considered to be an art that goes back to the dawn of humankind. In Europe, dyeing techniques have been developed as early as the Bronze Age. From ancient times, natural dyes have been used for dyeing fabrics and apparel products [6, 10, 20] .
Experimental

Materials
This exploratory study was conducted in order to develop an ecological process of dyeing with natural extracts of red beet, onion leaves and black tea on three different types of hemp fabrics. The material used is 100% hemp fabric (three different types from TEXFIR, Romania). The following ingredients were used to treat the fabric: sodium hydroxide 38°BE, 33%, Tannex CB, Hydrogen peroxide 35% and Tanaterge Advance.
• Fabric 1: hemp 100%, fineness of warp yarn: Nm =10/2, fineness of weft yarn: Nm =10/1 and specific weight: 276 g/m 
Pretreatment of fabrics (Scouring)
In order to obtain a high degree of white, the fabric samples were previously treated by scouring and bleaching. The experiments were conducted in the laboratory on a Linitester device. The optimal conditions were: temperature of 98°C, 1h of incubation time, Sodium hydroxide 38°BE, 33% Tannex CB, 5 ml Hydrogen peroxyde 35%, Tanaterge Advance). After completing the process, the samples were rinsed with water at 90°C for 1 hour on Linitester and then rinsed thoroughly with cold water and dried in an oven for 30 minutes at 50°C.
The scoured material was thoroughly washed with tap water and dried at room temperature. The scoured material was soaked in clean water for 30 minutes prior to dyeing.
Dyeing Process with natural extracts
The samples were dyed with extracts (see Figure 1 ) from red beet, onion leaves and black tea, at 1:40 liquor ratio.
• Red beet: it was cut into small pieces (3 kg) and put to boil in a dyeing bath with 2 litres of water at a temperature of 150°C, resulting in 1 litre of dye.
• Onion leaves: 600 grams of dried onion leaves were left to boil for 1 hour in 4 litres of water at 100°C, thus obtaining 2 litres of dye solution.
• Black tea: 500 grams of black tea was left to boil in about 2.5 litres of water at a temperature of 130°C for 50 minutes, resulting 1 litre of dye.
Dyeing additions (pH adjustment) were: acetic acid. After dyeing, fabrics were washed at 30°C, rinsed and dried at room temperature. Figure 1 shows the raw material from which natural pigments are made: (a)red beet , (b) onion leaves and (c) black tea. Nature has always been an extremely rich source of visual inspiration, even from early times when primitive man discovered vegetal pigments and the way to use it so as to give colour and life to textile products. At first, the dyeing techniques were rudimentary. The plants were attached to, rubbed against or crushed on the fabric. As man progressed, the dyeing methods and techniques became more and more sophisticated by boiling the fruit and plants when colouring the material [11, 16] .
The natural pigments, considered to be renewable, biodegradable, eco-friendly and long-lasting, made a comeback as being a viable alternative to the excessive use of artificial colorants (about 10,000,000 tons a year) [5, 11, 16, 25] , in the context of society being increasingly preoccupied with protecting the environment and staying healthy. As a consequence, the use of natural pigments when dyeing textile fabrics has become a global hot topic.
In textile dyeing, natural dyes extracted from various plants can be used for the coloration of both textile fibres and fabrics. Apart from the fact that all natural dyes have a better biodegradability and are more compatible with the environment, they also have a range of properties such as excellent softness, shininess and aesthetic appeal, aspects that are considered to be the most important attributes in the eyes of the consumers [2] .
The technology of producing such pigments varies from the use of aqueous solutions to complicated solvent systems and sophisticated supercritical fluid extraction techniques, depending on the required product and purity. Generally, the fabrication of natural pigments consists of boiling the crushed powder with water and leaving it to steep in cold water [27] . Several researchers noticed that the extraction of natural pigments by inducing cosolvents leads to extracts that are not completely soluble in water [14, 23] . So far, literature and researchers focused on the application of natural dyes on various textile fabrics, mordants and mordanting methods and so on, recording their fastness properties and colorimetric data [17] .
All natural dyes are eco-friendly and provide a wide range of beautiful shades with acceptable level of colour fastness [4, 7, 12, 28] . Various reports have been favourable to the behaviour and applications of natural dyes on textiles [1, 8, 22, 24, 29] . Natural pigments are considered safe because of their nontoxic, nonallergic and biodegradable nature [19, 25] . Many of the plants used for extracting natural dyes are classified as medicinal plants. Some of them were recently proved to possess remarkable antibacterial properties [21] .
Currently, natural dyes are used in textile manufacturing, as well as in other industrial branches: cosmetics, pharmaceutics, paint industries and so on, in order, to prevent the ecological issues caused by synthetic colorants. The art of dying by using natural pigments keeps spreading because it brings beauty and innovation in industry, but it also protects the environment and our health.
1:100, for 1 hour; sample 7: 10 ml black tea/l at a liquor ratio of 1:100, for 2 hours; sample 8: 10 ml black tea extract/l at a liquor ratio of 1:100, for 1 hour; sample 9: 10 ml onion extract/l at a liquor ratio of 1:100, for 2 hours; sample 10: 7 ml red beet extract/l at a liquor ratio of 1:100, for 1 hour;
The colours corresponding to the third fabric were obtained by applying the following recipes: sample 1: 5 ml black tea/l at a liquor ratio of 1:100, for 1 hour; sample 2: 7 ml black tea/l at a liquor ratio of 1:100, for 1 hour; sample 3: 10 ml red beet extract/l at a liquor ratio of 1:100, for 2 hours; sample 4: 7 ml onion extract/l at a liquor ratio of 1:100, for 1 hour; sample 5: 10 ml onion extract/l at a liquor ratio of 1:100, for 1 hour; sample 6: 7 ml red beet extract/l at a liquor ratio of 1:100, for 1 hour; sample 7: 5 ml onion extract/l at a liquor ratio of 1:100, for 1 hour; sample 8: 10 ml onion extract/l at a liquor ratio of 1:100, for 2 hours; sample 9: 5 ml onion extract/l at a ratio of 1:100, for 1 hour; sample 10: 5 ml red beet extract/l at a liquor ratio of 1:100, for 1 hour;
Measurement of Colours
The Colour strength (K/S) values for each sample were obtained by measuring the reflectance of the dyed samples using the instrument DATACOLOR Spectroflash 300, spectrophotometer under illuminant D65, using 10º Standard observer for each dyed samples (figures 5, 6 and 7). The colour strength of the dyed fabric samples, in terms of the K/S values, was obtained by using the Kubelka Munk equation [10, 18] 
Measurements and analysis
Figures 2, 3 and 4 illustrate the colour spectrum obtained after dyeing the fabric with natural pigments extracted from red beet, onion leaves and black tea:
The colours corresponding to the first fabric were obtained by applying the following recipes : sample 1: 10 ml red beet extract/l at a liquor ratio of 1:100, for 2 hours; sample 2: 10 ml onion extract/l at a liquor ratio of 1:100, for two hours; sample 3: 7 ml red beet extract/l at a liquor ratio of 1:100, for 1 hour; sample 4: 10 ml onion extract/l at a liquor ratio of 1:100, for 2 hours; sample 5: 10 ml black tea extract/l at a liquor ratio of 1:100, for 2 hours; sample 6: 10 ml black tea extract/l at a liquor ratio of 1:100, for 2 hours; sample 7: 5 ml red beet extract/l at a liquor ratio of 1:100, for 1 hour; sample 8: 10 ml onion extract/l at a liquor ratio of 1:100, for 1 hour; sample 9: 10 ml red beet extract/l at a liquor ratio of 1:100, for 2 hours; sample 10: 5 ml red beet extract/l at a liquor ratio of 1:100, for 1 hour; sample 11: 5 ml red beet extract/l at a liquor ratio of 1:100, for 1 hour.
The colours coresponding to the second fabric were obtained by applying the following recipes : sample 1: 7 ml red beet extract/l at a liquor ratio of 1:100, for 1 hour; sample 2: 10 ml red beet extract/l at a liquor ratio of 1:100, for 2 hours; sample 3: 5 ml red beet extract/l at a liquor ratio of 1:100, for 1 hour; sample 4: 10 ml onion extract/l at a liquor ratio of 1:100, for 1 hour; sample 5: 10 ml onion extract/l at a liquor ratio of 1:100, for 1 hour; sample 6: 5 ml red beet extract/l at a liquor ratio of a.
b. c. 
F(R) = (1-R)²/2R = K/S
Where: K is the absorption coefficient and S is the scattering coefficient for a colorant at a specific wavelength; R is the fractional reflectance value of the dye on the substrate at the λmax. The K/S value at λmax is directly proportional to the concentration of dye on the substrate using the instrument DATACOLOR Spectroflash 300.
The colours are given according to the CIE L*a*b* coordinates, as specified by the International Commission on Illumination with L* corresponding to brightness (100 = white, 0 = black), a* to the red-green coordinate (positive sign = red, negative sign = green) and b* to the yellow-blue coordinate (positive sign = yellow, negative sign bright red to soft lilac and pink based on carmine, it was = blue).
Tables 1, 2 and 3 illustrate the CIE lab colour range of the analysed fabrics.
Results and discussion
After assessing all the samples belonging to the first fabric and considering the variety of colours displayed in Figure 5 , it can be observed that samples 1 and 10 have the most intense colours, followed by samples 9 and 8. The colour intensity of the other samples was ranked according to the lightness factor after the process of absorption from the visible spectrum done through the chromophores belonging to the used natural pigments.
By analysing the spectral curves of the second fabric in Figure 6 and observing the K/S values in concordance with the Kubelka Munk equation, the highest values were obtained for samples 2 and 10. The other values were ranked according to their degree of adhesion to the cellulose material and the luminance factor.
When it comes to the third fabric illustrated in Figure 7 , it is obvious that the colours corresponding to samples 6 and 3 are the most intense. Sample 6 has the highest colour intensity. Both colours were obtained after dyeing the fabric with natural pigments extracted from red beet.
The colour intensity is directly proportional with the quantity of reflected light. When it comes to the group of tests conducted on the first fabric and displayed in Figure 5 , the highest chromatic intensities are reached when dyeing the fabric with red beet extract, followed by the black tea and onion extracts. The same ranking is maintained for the second fabric presented in Figure 6 . In the case of the third fabric ( Figure  7) , the highest chromatic intensities were obtained by using the red beet extract, like in the previous cases, the only difference being that the gap between the chromatic intensities is more accentuated.
Conclusions
The natural pigments used in the experimental study that we conducted have a good colouring capacity, thus being able to obtain bright nuances and go from dull to averagely intense colours. The dyeing factors, especially the quantity of extract that was used, determine the intensity of the obtained colours.
By using these three natural sources (red beet, black tea and onion) we were able to carry out an efficient and eco-friendly dyeing process that covered the necessary colour spectrum for each fabric.
Natural pigments have a rich history and are able to provide beautiful colours; they are eco-friendly and have a positive impact on our health. Still, they have to compete against artificial colorants that are cheaper, easier to obtain and able to produce a wider range of colours and nuances.
According to the literature, many researchers are preoccupied with the aspects, the issues and the perspectives of applying natural dyes at an industrial scale.
